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ABSTRACT 
The effect of organophosphorus compound dichlorvos 
(EDVP) (0-0,dimethyl 2:2 - dichlorovinyl phosphate), on various 
lipid fractions and lipid peroxidation in the discrete areas 
of the brain and spinal cord were studied in the cat fish 
(Heteropneustes fossilis), Fish were exposed to three 
different doses (3.0, 6,0 and 9.0 ppm) of DDVP daily for 
7 days. Dose-related increase in the levels of total lipids, 
cholesterol and esterified fatty acids was detected in the 
fore brain, optic lobe, cerebellum, medulla oblongata and 
spinal cord. However, phospholipids were significantly 
decreased in the aforementioned regions of the central 
nervous system. The rate of lipid peroxidation was signi-
ficantly increased in all the regions of the CNS. 
INTRODUCTION 
1. INTRODUCTION 
i.i. 0RGAN0PH05PHATES 
Organophosphates, one of the most versatile group of 
pesticides, are being increasingly preferred because of their 
potentiality of bio-degradability. They find their way into 
the fresh water bodies with the surface run-off, and adversely 
affecting the water quality and thus tend to be hazardous to 
fish population (Vertna et al., 1978). The aquatic organisms, 
including fish, are known to show a broad range of response 
to organophosphate insecticides, depending upon the nature of 
compound, exposure time, environmental conditions and species 
(Eisler, 1970). 
Organophosphates are powerful inhibitors of carboxylic 
esterase enzymes including acetylcholinesterase (true 
cholinesterase and pseudocholinesterase), They bind to the 
active site of the enzyme acetylcholinesterase, preventing the 
breakdown of acetylcholine and causing its excessive accumu-
lation at the synapses (Miyamoto et al., 1963; Aldridge, 1971; 
Metcalf, 1951; Fukuto, 1971; Koella, 1963). These compounds 
are derived from neutral esters of phosphoric acid, and 
because of their chemical structure and mode of action they 
are related to the nerve gases. The organophosphates have two 
9 
d i s t i n c t i v e f e a t u r e s , f i r s t , they a re gene ra l l y much more 
t o x i c t o v e r t e b r a t e s than a re t h e organochlor ine i n s e c t i c i d e s , 
and second, they a re chemically uns tab le or n o n - p e r s i s t e n t . 
I t i s t h i s l a t t e r q u a l i t y t h a t b r ings them on t o t h e a g r i c u l -
t u r a l scene as s u b s t i t u t e for t h e p e r s i s t a n t o r g a n o c h l o r i n e s , 
pa r t , i cu la r ly DDT, 
1.2, HISTORICAL OVERVIEW 
The f i r s t account of t h e s y n t h e s i s of a h ighly potent 
compound of organophosphorus a n t i - c h o l i n e s t e r a s e s e r i e s , t e t r a 
e thy l pyrophosphate (TEPP), was publ ished by Clermont in 1854, 
by a l k y l a t i n g t h e s i l v e r s a l t of t h e pyrophosphoric ac id with 
a lky l h a l i d e s . I t was developed in Germany as a s u b s t i t u t e 
fo r n i c o t i n e , which was in shor t supply in t h a t country during 
World war I I , 
Holfman in 1872 syn thes ized the corresponding phosphoric 
acid by r e a c t i n g methyl and e thyl phosphine with n i t r i c a c i d . 
Subsequently in 1897 Michnelis and Backer syn thes ized a 
phosphonic acid e s t e r by t h e r e a c t i o n of d i a l k y l phosphi te 
with e thy l i o d i d e . This r e a c t i o n became well known as 
Michael is -Backer r e a c t i o n . Michael is (1903) again syn thes ized 
phosphorus-ni t rogen compounds by t h e r e a c t i o n of ammonia or 
amines with phosphorus t r i c h l o r i d e , p e n t a c h l o r i d e , phosphoryl 
c h l o r i d e and thiophosphoryl c h l o r i d e . 
3 
Modern investigations of the organophosphorus compounds, 
and the first hint of their toxicity, date back to the publi-
cation of Lange and Krueger (1932) on the synthesis of dimethyl 
and diethyl phosphorofluoridates. The findings indicated 
that inhalation of the vapours of these compounds cause persis-
tent choking sensation and blurred vision in human subject. 
Investigators in the allied countries also followed Lange and 
Kruger's lead in search for potentially toxic compounds; 
diisopropyl phosphorofluoridate (DFP) synthesized by McCorabie 
and Saunders (1946), among the organophosphorus compounds was 
studied most extensively by British and American scientists. 
During the synthesis and investigations of approximately 
2000 compounds, Schrader (1952) defined the structural require-
ments for insecticidal activity. One compound in this early 
series, "parathion" later became the most widely employed 
insecticide of this class, because of its wide range of 
insecticidal activity and suitable physical and chemical . 
properties such as low volatility and sufficient stability in 
water. Although it continues to be used extensively in 
agriculture, but because of its high mammalian toxicity by all 
routes of exposure, other less hazardous compounds have begun 
to take its place. During the last two decades the agricultural 
chemistry industry has developed many other organic triesters 
(1 
of phosphoric acid and phosphorothioic acid that have been 
registered for use as insecticides, such as TEPP, Mevinphos, 
Disulphoton, Azinphosmethyl, Parathion, Methyl-Parathion, 
Chlorfenvinphos, Dichlorvos, Diazinon, Dimethoate, Trichlorfon, 
Chlorothion, Malathion, Ronnel, Abate etc. 
1.3, MECHANISM OF ACTION OF ORGANOPHQSPHATES 
The mode of action of organophosphate insecticides in 
vertebrates is generally regarded as disruption of nerve impulse 
transmission in the central and peripheral nervous system by 
inhibition of acetylcholinesterase, the enzyme that modulates 
the amounts of neurotransmitter acetylcholine. 
The central nervous system is made up of brain and 
spinal cord. CNS communicates with the rest of the body by the 
peripheral nervous system. The communication channel is through 
cable lines of axon made up of innumerable neurons (structural 
and functional unit of the nervous system). Several neurons 
combine together to form a common functional pathway. This 
functional conjunction is established in the synapses. They 
consist of a presynaptic membrane (usually an axon or rarely 
a dendrite) and a postsynaptic membrane (cell body, a dendrite 
or occasionally an axon) and the distance between these two 
membrane is called synaptic gap which is about iOO-200A, 
I' 
The impulse is transmitted in the synapses by a chemical 
mechanism. The arrival of the nerve impulse at presynaptic 
membrane triggers the release of acetylcholine from "vesicles" 
or storage sites located in presynaptic cells. After passage 
across the synaptic cleft, acetylcholine gets itself attached 
to a 'binding site' on the post-synaptic cell (Fig. i). The 
liberated acetylcholine is not allowed to stay too long in the 
free state and is immediately broken down to acetic acid and 
choline by the hydrolytic enzyme, acetylcholinesterase. 
These chemical reactions occur extremely rapidly and go on 
constantly under normal conditions. When organophosphates enter 
the scene, they get attached to the cholinesterase in a way 
that prevents them from removing the acetylcholine, and the 
circuit jams because of the accumulation of the acetylcholine. 
The accumulation of the acetylcholine interferes with the 
neuromuscular junction, producing rapid twitching of voluntary 
muscles and finally paralysis. 
The overall hydrolysis of a molecule of acetylcholine 
by acetylcholinesterases is a three-step process. First 
the acetylcholine molecule is bound to the active site 
(Fig, 2a), The binding is believed to involve a negatively 
charged site, the anionic site of the enzyme, which promotes ' 
the binding by attraction to the cationic nitrogen. The 
second step involves the chemical reaction of the acetylcholine 
(i 
Postsynaptic membrane 
Presynaptic membrane 
Nerve impulse 
Axon 
AcetyichoUne 
R e c e p t o r s 
Fig.1 ION FLUXES AND MEMBRANE INVOLVEMENT 
IN NERVE IMPULSE TRANSMISSION. 
1. 
0 
II 
CH3-COCH2CH2N(CH3)3 
Hydroxyl 
of 
Serine-^OH Carboxylafe 
ion 
Esteratic /z^Anionic /^^tsTeraric / / /z . Anionic 
^//.. site y//yyy7///<^^.y/////// 
(a) Binding of Acetylcholine. 
0 
II 
CHqC HOCH2CH2N*{CH3) 
TOO" 
(b) Acetylation of the enzyme 
cholinesterase. 
( c ) Deacetylation of the enzyme. 
Fig. 2 REACTION OF ACETYLCHOLINE WITH 
ACETYLCHOLINESTERASE . 
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with a part of the enzyme called the esteratic site. It is 
hydroxyl group of serine which is acetylated by the acetyl-
choline, and the result is to transfer an acetyl group from 
acetylcholine to the serine hydroxyl, giving an acetylated 
enzyme, and to permit the choline to drift away: choline is 
the leaving group (Fig. 2b), The final step involves the 
attack of water upon the acetylated enzyme, cleaving the 
acetyl-serine bond to give acetate ion and the enzyme in its 
original form (Fig. 2c), 
1.4. GENERAL STRUCTURE AND CHEMISTRY OF ORGANOPHOSPHATES 
According to Holmstedt (1959), the general formula 
for anticholinesterase organic phosphorous compouhd is 
(Fig, 3): 
X 
Fiq. 3 
Where R' and R" are generally lower alkyl, alkoxy, alkylthio 
n 
or substituted amino groups; *X' is oxygen or sulphur; and 
•Y', a good "leaving group" capable of being metabolised into 
such an easily "leaving group" (Cremlyn, 1978; Carbett, 1974; 
Casida, 1978), 
The structure of Dichlorvos, the organophosphorus 
compound used for the present study, is given below (Fig, 4): 
CH3O 
0 
II 
P - 0 - CH = CCh 
CH^O' 
{0,0-dimethyl 2,2-dichlorovinyl phosphate) 
(Dichlorvos) 
F i g , 4 
1,5. REPORTS AVAILABLH ON THE POISONING DUE TO ORGANOPHOSPHATE 
INSECTICIDES 
The indiscriminate use of organophosphate insecticide 
in agriculture and public health operations has increased the 
scope of disruption of ecological balance, as many of the 
'non-target' organisms which include important members of 
food chain perish in the process, thus adversely affecting 
the secondary and tertiary productivity of fresh water 
iO 
ecosystems. The tragic incidence of 'Handigod Syndrome' in 
Karnataka state was probably due to consumption of pesticide 
poisoned crabs and fish by the local population (Potter and 
O'Brien, 1964). More than 100x10 kg of organophosphate 
insecticides are produced annually in the United States 
(Fowler and Mahan, 1971; Lawless et al., 1972) and they may 
now be detected more frequently even in coastal waters 
because of their increased municipal, industrial and agricul-
tural usage. The nature of the effects of these pesticides 
on fish life can be highly variable. Apart from causing 
death, many pesticides have been shown to affect growth rate, 
reproduction and behaviour, with evidence of tissue damage. 
According to a rough estimate, 25% of the pesticides used on 
land, may ultimately find their way into the sea and their 
. cumuletive effect to coastal water could be considerable, 
Koundinya and Ramamurthi (1978) have reported that the 
pesticide contamination in sediment, water and biota of 
fresh water and estuarine portions of water body affects 
not only the aquatic life but also the people who consume 
the contaminated food products, 
^•6. INFLUENCE OF ORGAhPPHOSPHATES ON LIPID LEVELS AND LIPID 
PEROXIDATION 
Among various body organs, the brain is one of the 
L 
r ichest in l i p i d s . Lipids account for half the dry weight and 
most of the s t ruc tura l archi tecture of membranes in the brain 
(Ordy and Kaach, 1975). I t contains a unique s t ruc tu re , the 
myelin sheath, which has the highest l ip id concentration of 
any normal t i s sue of subcel lular components, except for 
adipose t i s s u e , and which has been the subject of intensive 
and extensive studies in recent years . There is a good deal 
of experimental evidence to show tha t organophosphates in f lu-
ence the l ip id synthesis in the brain (Majno and Karnovsky, 
1955). Nelson and Barnum (i960) observed the inh ib i t ion of 
phospholipid biosynthesis by organophosphate-intoxication. 
Ea r l i e r , Austin (1957) has also reported a s imi lar ro le for 
diisopropyl flurophosphanate (DFP), a potent organophosphorus 
compound. Tayyaba and Hasan (1980) have reported tha t DDVP 
administration to ra t s s igni f icant ly increases the t o t a l 
l i p id and cholesterol concentrations of a l l the brain compo-
nents , while the concentration of phospholipid was s i g n i f i -
cantly diminished in cerebrum, cerebellum and brain stem, 
Islam _et al^, (1983), have reported decrement in the levels of 
l i p id and a r i s e in the ra te of l i p i d peroxidation and l ipase 
ac t i v i t y in the d iscre te areas of the brain and spinal cord 
af ter the administration of metasystox to r a t s . The levels 
1., 
of total lipids, phospholipids, fatty acids and total choles-
terol were studied in selected tissues of the fish, Oreochromis 
mossambicus under sublethal stress of methyl parathion for 
48 h by Prasada and Ramana (1984) who observed a decline in 
levels of total lipids and phospholipids and a rise in the 
free fatty acids and total cholesterol levels during the 
exposure period. Hasan and Khan (1984) from this laboratory 
have reported that methyl parathion administration to rats 
significantly increases the total lipid, phospholipid and 
cholesterol concentrations in all the regions of the brain 
and spinal cord« However, the rate of lipid peroxidation 
increases significantly in cerebrum, brain stem and spinal 
cord but decreases significantly in cerebellum. Lipid 
peroxidation, the reaction of oxidative deterioration of 
polyunsaturated lipids seems damaging because of subsequent 
reactions of free radicals that are produced (Tappel, 1970), 
As bio-membranes are rich in unsaturated fatty acids, such 
reactions may lead to the disintegration of membrane structure 
and finally to irreversible cell damage. Kartha and Krishna-
murthy (1978) reported that among different tissues, the 
brain showed a considerably high degree of peroxidation, 
while liver, kidney, spleen and heart homogenates showed 
comparatively low peroxidation. Recently Tayyaba and Hasan 
(1985) observed that organophosphate metasystox administration 
-I n 
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to rats causes dose-dependent increment of lipid peroxidation 
in all the regions of CNS. Earlier, Hasan and Ali (1980) 
reported that increased rate of lipid peroxidation is asso-
ciated with increased deposition of lipofuscin pigment in 
the brain cells after organophosphate administration, 
Todate, no information is, however, available on the 
dose-related changes in lipid levels and lipid peroxidation 
in various regions of the fish (Heteropneustes fossilis) CNS 
following !X)VP intoxication. Therefore, the main aim of 
the present study is to investigate the alternations in 
regional lipid profiles and lipid peroxidation after the 
exposure to three graded doses of DDVP (3.0 ppm, 6,0 ppm 
and 9,0 ppm) daily for 7 days, 
1.7, OBJECTIVES OF THE PRESENT STUDY: 
The present study on the fresh water catfish, 
Fieteropneustes fossilis. was undertaken with the following 
main aims: 
(i) To evaluate the normal concentration of various lipid 
fractions in different regions of the fish brain 
and spinal cord. 
-5 J 1 
(ii) Quantitative evaluation of the effect of organophosphate 
'Dichlorvos' intoxication on the concentration of total 
lipids, phospholipids, cholesterol, esterified fatty 
acids and lipid peroxidation. 
MATERIALS AND METHODS 
i:. 
2. MATERIALS AND METHODS 
2.i. FISH 
Live Heteropneustes fossillst commonly known as Singhi 
^verage total length 20 cm; average weight 60 g) obtained from 
the local fish market were used for the present study. The 
fish were acclimatized to laboratory condition in glass 
aquaria and were fed minced meat once daily at 12 hour 
interval. They were divided into four groups, one control 
and three experimental, each comprising 18 fishes, 
2.2. ADMINISTRATION OF DRUG 
Organophosphate Dichlorvos (DDVP, 0,0-dimethyl, 2 :2 -
dichlorovinyl phosphate - Nuvan EC, Purity 76%) was obtained 
from Ciba Geigy India Ltd. Fish of the experimental group 
were exposed to three different doses (3.0 ppm, 6,0 ppm and 
9.0 ppm) of freshly prepared solution of DDVP daily for 
7 days, 
2.3. DISSECTION AND ISOLATION OF DIFFERENT BRAIN COMPONENTS: 
Fish were sacrificed after 7 days, The brains were 
dissected out into fore brain, optic lobe^cerebellum, medulla 
oblongata and spinal cord as shown in Fig. 5. Each dissected 
EXPLANATION OF THE FIGURE 
Fig, 5: Photograph showing dissected fish (H. fossilis) 
brain (dorsal view). 

par t of t h e bra in from 3 f i sh was pooled and used for t h e 
e s t ima t ion of l i p i d s and l i p i d p e r o x i d a t i o n , 
2 . 4 . EXTRACTION OF LIPIDS FROM BRAIN 
Dif fe ren t p a r t s of t h e b r a i n , weighing 50-200 mg, were 
homogenized in a g l a s s homogenizer t o a f i n a l volume of 6 ml 
chloroform-methanol ( 2 : 1 , v /v) according t o t h e method of 
Folch _et _al_. (1951) , This method was p a r t l y modified in our 
l a b o r a t o r y (Is lam et al_., 1980) for i s o l a t i o n of l i p i d s from 
d i s c r e t e areas of t h e b r a i n . Each homogenate was shaken 
p e r i o d i c a l l y fo r an hour and f i l t e r e d through s i n t e r e d g l a s s 
funnel (G-4) under vacuum ( F i g . 6 ) , The r e s i d u e was again 
homogenized with 2 ml chloroform-methanol and f i l t e r e d . The 
t e s t tubes were r insed with fresh chloroform-methanol ( 2 ; l ) 
and f i l t e r e d aga in . The f i n a l volume of each e x t r a c t was 
made upto 10 ml with f resh chloroform-methanol mix tu re . 
The rea f t e r , 2 .5 ml of s a l i n e s o l u t i o n was added t o t h e 
e x t r a c t in each t e s t tube ( 4 : 1 , vjfv). This was shaken 
v igorous ly on t e s t tube mixer fo r t h e complete mixing and 
placed a t -2o°C in deep f reeze overnight for complete separa-
t i o n of t h e two l a y e r s . The j u n c t i o n of t h e l a y e r s of each 
t e s t tube was marked, t he upper l a y e r was used for t h e 
e s t ima t ion of gang l ios ides while a des i red amount of t h e 

i;i 
lower layer of each test tube was collected in stoppered 
glass tubes with the help of a syringe (Fig, 7) and stored at 
-20 C until final use. The test tubes in which the two 
layers were separated were dried and the volume of the lower 
layer of each test tube was measured. This extract was used 
for the estimation of total lipids, phospholipids, cholesterol 
and esterified fatty acids. 
2.5. ESTIfMTIQN OF TOTAL LIPIDS 
Total lipid was estimated according to the method of 
Woodman and Price (1972) as follows: 
Reagents; 
( i ) A s tandard s o l u t i o n of 0 .5 mg bra in l i p i d s / m l of 
chloroform-methanol ( 2 : i ) mixture was prepared by d i l u -
t i n g i .O ml of r e f r i g e r a t e d stock s o l u t i o n (50 mg b r a i n 
l i p i d / i O ml, chloroform-methanpl 2 : i ) in a 10,0 ml 
s tandard f lask and made up t h e volume t o 10.0 ml with 
chloroform-methanol mix tu re . 
( i i ) Concentrated su lphur i c acid A.H. 
( i i i ) Colouring r eagen t ; 6,0 g potassium dihydrogen o r t h o -
phosphate and 0.39 g v a n i l l i n were d i s so lved by hea t ing 
in 100,0 ml volumetr ic f l a sk and volume was made upto 
100,0 ml with double d i s t i l l e d water (DDW). 
0 ) 0 
<; :i • 
2,. 
(iv) Brain Lipids; Lipids were extracted from 3 animal 
brains in 50,0 ml chloroform-methanol mixture. The 
homogenate was centrifuged at 5000 rpm for 15 min. 
The supernatant was taken in a separating funnel and 
washed thrice with an equal volume of physiological 
saline and the lower layer was collected after 15 min. 
of each washing. After final washing the lower layer 
was placed in a refrigerator overnight for complete 
separation of the two layers. The lower layer was 
collected in a 15 cm diameter petridish and the 
solvent was evaporated at room temperature by conti-
nuous shaking of the petridish. The dried lipids were 
again dissolved in chloroform-methanol mixture and 
centrifuged to remove undissolved lipids. The 
extract was once again evaporated in petridish and 
dried lipids were stored at -20 C, 
(v) Procedure; Duplicate brain samples containing 0,1 ml 
of the extract were taken in 18x150 mm corning test 
tubes. 2.5 ml concentrated sulphuric acid was added 
and heated on a boiling water bath for 20 min. After 
cooling, 5,0 ml of colouring reagent was added and 
absorption was read at 530 nm exactly after 10 min. 
against a reagent blank. A calibration curve with 
different concentrations (100 to 600/Ug) of standard 
fj I) 
0-60 
100 200 300 400 500 600 
Alg of Total Lipids 
Fig.a. Calibration Curve for the Estimation 
of Total Lipids. 
2;i 
brain lipids was prepared adopting the same proce-
dure as described above. The values of the standard 
curve were plotted by least square method. The 
concentration of total lipids in brain samples were 
calculated by the formula given below: 
Calculation; 
C X V Total l i p i d s (mg/g fresh wt . ) = \fi -^ m 
where, 
C = Concent ra t ion of l i p i d s in /jg in 0 . 1 ml e x t r a c t , 
(volume taken fo r t h e e s t i m a t i o n ) . 
V = Total volume of t h e lower l a y e r , 
Vt= Volume taken fo r t h e e s t i m a t i o n , 
Wt= Fresh weight of t h e t i s s u e in mg. 
The above formula was used fo r c a l c u l a t i n g t h e concen-
t r a t i o n of t o t a l l i p i d s , phosphate and c h o l e s t e r o l . 
2 . 6 . ESTIfVlATION OF PHOSPHATE 
Phosphate was es t imated by t h e wel l known method of 
F i ske and Subbarow as descr ibed by M e r i n e t t i (1962) , 
Reagents 
(i) A standard of O.Oi mg inorganic phosphate/ml was 
prepared by diluting 5.0 ml of refrigerated stock 
solution (0.439 g KH^PO /^ 500.0 ml DDW) in a 100.0 ml 
volumetric flask and made up the volume to 100,0 ml 
with DDV/, 
( i i ) 2 .5^ ammonium molybdate solution in DDW was prepared 
by heating in boiling water bath. 
( i i i ) Perchloric acid 70?^  A.R. 
( iv) Reducing Reagent; Sodium bisu lphi te 3,0 g (Sigma 
Chemical Co., U.S.A.), Sodium sulphi te 0.6 g and 
recrystalysed l-amino-2-naphthol-4-5ulfonic acid (ANSA) 
0.05 g were dissolved in 25,0 ml of DDW. A s l igh t 
yellow solution thus obtained was stored in amber coloured 
b o t t l e . The colour i s s table for a week at the room 
temperature, 
(v) Recrvs ta l l iza t ion of ANSA: Sodium metabisulphite 15.0 g, 
sodium sulphi te (anhydrous) 1.0 g and crude ANSA 1.5 g 
were dissolved in 100,0 ml boil ing double d i s t i l l e d 
water. Hot solution was f i l t e r e d through the f i l t e r 
paper, 1.0 ml concentrated HCl was added to t h i s 
f i l t e r a t e and s t i r r e d . The p rec ip i t a te obtained was 
f i l t e r ed through the suction pump and washed with 
about 30.0-ml double d i s t i l l e d water and f ina l ly with 
alcohol t i l l washing is colour less . This purif ied 
ANSA is dried in oven at 100°c for 1 hour with l e a s t 
25 
possible exposure to light and transferred to an 
amber coloured bottle, 
(vi) Procedure; Placed 0.3 ml of duplicate lipid extracts 
in 18x150 mm corning test tubes and removed all the 
solvent by heating on a boiling water bath. 1,0 ml 
of analytical grade 10% perchloric acid was added to 
the samples and heated on a digester for 30 min, or 
until the samples become clear. After the complete 
digestion, they were cooled at room temperature. 
Thereafter, 1,5 ml ammonium molybdate, 0,2 ml reducing 
reagent (ANSA), and 7.0 ml double distilled water 
were added to it. The contents were mixed after each 
addition. The tubes were heated on boiling water bath 
for 7 min. The colour intensity was read at 700 nm 
after 30 min, A calibration curve was drawn with 
1 Aig to 6 /jg of phosphorous with the addition of 1,0 ml 
perchloric acid and blank was prepared with 1,0 ml 
perchloric acid alone. The calibration curve was 
plotted by the least square method. The absorption 
obtained for the unknown samples was read against the 
calibration curve and the amount of phospholipid was 
calculated by multiplying with a factor 25» 
0 '••' 
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/JLg of Phosphorous 
Fig. 9 Calibrafion Curve for fhe Esfimation 
of Phosphorus. 
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2.7. ESTIMATION OF CH0LE5TEFDL 
Cholesterol was determined by Lieberman-Burchard 
reaction as described by Bloor e;t aJL_, (1922) as follows; 
Reagents 
(i) Cholesterol standard of 1,0 mg/ml in chloroform was 
prepared by diluting 1.0 ml refrigerated stock solu-
tion of recrystallysed cholesterol (100 mg/10 ml) in 
a 10,0 ml standard flask and made up the volume to 
10.0 ml with analytical grade chloroform, 
(ii) Colouring reagent; 50 ml acetic anhydride AR was 
placed in deep freeze for an hour and 5 ml concentrated 
sulphuric acid was added dropwise with stirring. It 
was allowed to stand an additional 10 min. at room 
temperature before use. This reagent was prepared 
fresh each time before use. 
(iii) Procedure; Duplicate lipid extracts of 0,3 ml were 
taken in 15 x 125 mm screw capped culture tubes, .To 
each tube, 4.5 ml analytical grade chloroform and 
1.0 ml of colouring reagent were added and mixed. The 
tubes were kept in dark at 25 C for 30 min. The 
colour intensity was read at 660 nm against a reagent 
blank. A calibration curve with different concentra-
tions of cholesterol (50-300 ug) was drawn according 
28 
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Fig.lO^ Calibration Curve for the Estimation 
of Cholesterol. 
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to the same procedure as described above. The values 
were plotted by the least square method and the 
concentration of cholesterol was calculated as for 
total lipids, 
2.8. ESTIMATION OF ESTERIFIED FATP/ ACIDS 
Esterified fatty acids were estimated according to 
the method -of Stern and Shapiro (1953^ ) as follows: 
Reagents; 
( i ) Standard solut ion; A standard solut ion of 4,0 yueq 
of t r i o l e i n in alcohol-ether (3:1) was prepared by 
d i lu t ing 1,0 ml of i.O meq stock solut ion 459 mg 
t r i o l e i n / 5 ml alcohol-ether , 3:1) to a f ina l volume 
of 10 ml with alcohol-ether mixture. 
( i i ) 2,0 M Hydroxylamine hydrochloride (Solution I ) ; 13,9 g 
hydroxylamine hydrochloride was dissolved in double 
d i s t i l l e d water by di lut ing to 100 ml. 
( i i i ) 3,5 N Sodium hydroxide (Solution I I ) ; 14,0 g of sodium 
hydroxide was dissolved in 100 ml double d i s t i l l e d 
water. 
( iv) Hydroxylamine-Sodium hydroxide; The reagent was 
prepared freshly by mixing equal volumes of solut ions 
I and I I . 
30 
(v) 0.37 M Ferric chloride in 0,1 N HCl; The solution was 
prepared by dissolving 6,0 g FeCl in 100 ml 0,1 N HCl. 
(vi) 4,0 N Hydrochloric acid solution (Approximately); It 
' was prepared by adding 1 part of analytical grade 
concentrated HCl to 2 parts of double distilled water. 
(vii) Alcohol-Ether (3;1) mixture; 3 parts of 95^ ethanol 
was added to i part of ethyl ether (peroxide free). 
(viii) Peroxide free ether; This solution was obtained by 
adding a little hydroxylamine hydrochloride to the 
stock ether bottle prior to distillation of ether. 
The ether used in the procedure was freshly distilled. 
(ix) Procedure; Duplicate lipid extracts of 0,3 ml were 
taken in 16 x 150 mm screw capped culture tubes to 
dryness at room temperature, 3,0 ml aliquot of the 
alcohol-ether (3:1) mixture was pipetted into each 
tube and 1.0 ml of hydroxylamine hydroxide solution was 
added, the contents were mixed and allowed to stand 
for 20 min, at room temperature, 0.6 ml 4 N HCl and 
0,5 ml ferric chloride solution were added and mixed 
after each addition, A dark brown colour developed 
was measured at 520 nm against a reagent blank, 
A calibration curve was drawn by 0,04 to 0.24 /jeq 
of the standard solution (4,0 Aeq/ml) and the volume 
was made up to 3,0 ml with alcohol ether mixture and the 
procedure was carried out as described above. 
3,. 
0-04 0-08 0-12 0-16 0-20 0-24 
/JLeq of EFA 
Fig.11 Calibration Curve for the Estimation of 
Esterified Fatty Acids. 
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Calculation: 
meq esterified fatty _ O.D. of unknownxmeq of standard 
acid in 3.0 ml aliquot O.D, of standard 
2.9. DETERMINATION OF THE RATE OF LIPID PEROXIDATION 
The procedure of Utely et al_. (1967) was used for 
finding out the rate of lipid peroxidation. 
Reagents; 
((i) 0.15 M Potassium chloride; This solution was prepared 
by dissolving 2.237 g KCl in 200 ml of double distilled 
water, 
(ii) 10^ Trichloroacetic acid (TCA); 10.0 g TCA was 
dissolved in 100 ml double distilled water. 
(iii) 0>67^ Thiobarbituric acid (TBA); Thiobarbituric acid 
0.67 g was dissolved in 25-50 ml double distilled 
water by adding two pellets of NaOH. The pH of the 
solution was adjusted to 7.2 with the help of 1 N HCl 
and volume was made up to 100 ml with double distilled 
water. 
(iv) Procedure; Different parts of the brain were homo-
genized (10^, w/v) in chilled 0.15 M KCl. One ml 
of each homogenate was taken in a 25 ml conical flask 
X = 
X = 
and incubated at 37 + i°C in a metabolic shaker (120 
strokes/min; amptitude 1 cm) for 3 hours. Thereafter, 
1.0 ml of the same homogenate was pipetted in centri-
fuge tube and protein was precipitated by adding 1.0 ml 
of 10% TCA. After incubation, 1.0 ml of iO/o TCA was 
added and the reaction mixture was centrifuged at 
SOOOrpm for 10 min. 1,0 mi of the clear supernatant 
was mixed with 1.0 ml of 0.67% TBA and 1.0 ml double 
distilled water and placed the tubes in a boiling water 
bath for 10 min., cooled and the absorbance of the 
colour was read at 535 nm. The rate of lipid peroxi-
dation expressed as nanomoles of raalonaldehyde formed/ 
30 min, using extinction coefficient 1,56 x 10 as 
described by Utley £t a^, (1967). Lipid peroxidation 
was calculated using the formula: 
P.P. x 30 X 1000 x 1000 X 1000 x 3 x 2 
1.56 X 100000 X 1000 x 180 
0,D, X 10 
1.56 
where, 
X = Nanomoles malonaldehyde formed/30 min. 
O.D. = Change of the optical density at zero hour and 
three hour incubation of the same sample^ 
3'':i 
2.10. STATISTICAL ANALYSIS 
Results are given as mean + S.E. S t a t i s t i c a l 
analysis for significance between the means of the experi-
mental and control groups was^  checked by s tuden t ' s ' t ' 
t e s t , and the ' P ' values calculated, ' P ' values l ess 
than 0,05 were considered be s ign i f i can t . 
RESULTS 
3 J 
3. RESULTS 
3.1. PHYSICAL SIGNS AFTER EXPOSURE TO ORGANOPHOSPHATE; 
Exposure of fish to various concentrations of organo-
phosphate in water led to typical physical signs in fish, 
viz: upside tilting movements of the body, and fins, rapid 
opercular beating rate, followed by convulsions. Majority 
of fish secreted copious mucus. Fish of the control group 
did not show any abnormality, 
3.2. EFFECT OF DDVP ON THE LIPID LEVELS OF BRAIN COMPONENT; 
Dose-dependent alteration of lipid concentrations 
in different components of the brain and spinal cord of fish 
(H. fossilis) after exposure to three different doses (3.0, 
6,0 and 9.0 ppm) of DDVP daily for 7 days have been presented 
in Figs. 12-15. 
Tables I and II show that, at the dose of 3,0 and 
6,0 ppm DDVP, the levels of total lipid significantly 
increased in medulla oblongata (P<^0,01), fore brain, 
optic lobe, cerebellum and spinal cord (P <, 0,001). When 
the dose was increased to 9,0 ppm DDVP, total lipid level 
increased significantly (P< O.OOl) in all the components of 
fish brain and spinal cord compared to the values observed 
for the control (Table III). 
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EFFECT OF DDVP {30,60.90ppm, daily for 7 days) ON 
THE LEVEL OF TOTAL LIPID IN DIFFERENT REGIONS OF 
FISH BRAIN AND SPINAL CORD. P Values: x x < 0 0 1 / 
x x x < 0 0 0 1 / MEAN + S.E. 
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Table IV shows that at the dose of 3,0 ppm DDVP the 
level of phospholipids significantly decreased in cerebellum 
(P <_0.05), spinal cord (P <0.0l), fore brain, optic lobe 
and medulla oblongata (P <. O.OUl). At 6.0 ppm DDVP dose 
level (Table V), a decline in the phospholipid was evident 
in cerebellum (P ^  O.Gl), fore brain, optic lobe, medulla 
oblongata and spinal cord (P<. 0,001). Table VI represents 
a significant decrease (P ^ 0,001) in the level of phospho-
lipid of all the regions of fish CNS at a dose of 9.0 ppm 
DDVP. 
The concentration of cholesterol (Table VII) was 
found to increase in optic lobe, medulla oblongata 
(P <( 0.05), fore brain, cerebellum and spinal cord (P-"^  0,001) 
at 3.0 ppm of DDVP exposure. At 6.0 ppm of DDVP, the 
cholesterol content significant increased (Table VIII-) in 
optic lobe (P <0.05), medulla oblongata (P <.0.0i), 
fore brain, cerebellum and spinal cord (P<1 0,001), 
Statistically significant increment in the level of 
cholesterol at 9.0 ppm of DDVP dose was observed in all 
the regions of CNS (Table IX). 
The concentration of esterified fatty acids have 
been shown in Tables X-XII. It can be seen that at the doses 
of 3.0, 6.0 and 9.0 ppm DDVP', the level of esterified 
4 1 
> 
M 
PJ 
J 
CQ 
< 
H 
Q 
O 
+J 
0) 
u 
o 
a 
X 
<u 
o-> 
c 
? 
0' 
1—( 
•H 
O 
c 
•H 
ni 
X) 
x: 
m 
•H 
0 
x: 
+-> 
H-< 
O 
(/) 
c 
o 
•H 
f^ 
-p 
c 
0) 
0) 
<+^ 
•H 
C 
•H 
-D 
•H 
a 
•H 
O 
£ 
a 
o JZ 
a 
4-1 
O 
in 
rH 
> 
Q; 
• 
>• 
ro 
-D 
r-
u 0 
^-i 
>-
rH 
03 
•D 
"e" 
a 
a 
ro 
> 
<x 
c 
x: 
o 
4-1 
E 
c 
o 
•H 
cn 
t-1 
C 
• H 
TO 
t^ 
CQ 
-P C 
<2> 
E 
•H 
^1 
a> 
a 
X 
UJ 
o 
u 
-p 
c 
o 
u 
o 
o 
o 
* 
IT) 
o 
+1 
ro 
• 
00 
lO 
o 
+1 
n 
8 
• 
o 
\ l 
lO 
o • 
o 
\ l 
8 
* 
o 
^ 
o 
« 
o 
^ 
-H 
r--
• • 
00 
(N 
CO 
h-
• lO 
n 
h-
ON 
• CO 
H 
§ 
• (N 
00 
ro 
H 
« tO 
H 
ro 
CD 
• 
CM 
iD 
O 
+ 1 
'-\ 
• 
O 
+1 +1 
ro 
ro 
00 
O 
O 
« 
* 
ro 
CM 
O 
•••I 
s 
eg 
+ 1 +1 
ro 
• 
ro 
4 
« 
o 
+1 
i 
CM 
+ 1 
CM 
O 
* 
CO 
c 
•H 
ro {-1 
XI 
0) 
JH 
0 
UH 
o X3 
O 
rH 
o 
•H 
+J 
a 
o 
p 
3 
-H 
.-1 
0 
JD 
di 
U 
<D 
o 
(tl 
+> 
03 
cn 
c 
o 
XI 
o 
- (0 
•-\ 
•H 
D 
X i 
0) 
2 
•D 
h O 
O 
rH 
ro 
c 
•H 
a CO 
* 
1/7 
+ 1 
C 
ro 
0) 
S 
42 
< 
D D 
O 
+-> 
Q) 
U 
(0 
O 
a 
X 
<D 
cn 
C 
•H 
o 
c 
•H 
nj 
f^  
X! 
•H 
0) 
x: 
w 
c 
o 
•H 
01 
<D 
U 
4J 
C 
0) 
U 
Q) 
M--
4-1 
•H 
-v 
c: 
•H 
73 
•H 
a 
•rl 
01 
r-l 
> 
rx. 
cn 
c 
x: 
o 
in 
0) 
M 
cn 
^^ 
E 
o u 
x: o 
ex ^-t 
(S) 
o >. 
o 
a 
> 
(D vO 
ro 
• p 
c 
s 
•H 
cu 
a 
X 
o 
u 
c 
o 
u 
c 
o 
• H 
0) 
M 
c 
•H 
ID 
u 
m 
o 
o 
• 
o 
\ l 
8 
• 
o 
\ l 
o 
• 
o 
\ J 
o 
o 
• 
o 
\ J 
o 
o 
• 
o 
- ^ 
H 
CM 
• 
o 
1 
OJ 
00 
• 
r-
n 
CNJ 
-H 
• 
o . 
—1 
1 
o 
o % 
vO 
1 
* • 
• * 
n CM 
o o 
o 
+ 1 
ro 
O 
• 
00 
CM 
in 
o 
+1 
o 
o 
+ 1 
iT) 
CM 
o 
+1 
H 
CM 
O 
* * 
00 ^ 
O 
+ 1 
in 
ro 
CO 
O 
O 
vD 
vO 
• 
CO 
ro 
+ 1 +1 
O 
CO 
• 
ro 
in 
in 
• 
—1 
* 
+ 1 +1 
CO 
CM 
CM 
+ 1 
CM O 
• 
c 
•H 
ro 
U 
S> 
Qi 
U 
o 
u. 
<u 
X I 
o 
rH 
o 
•H 
-P 
D-
O 
e 
:3 
rH 
rH 
0) 
J3 
0 
M 
0) 
O 
ro 
•P 
ro 
C 
o 
rH 
X I 
o 
ro 
.-1 
rH 
D 
T ) 
<1> 
S 
n 
M 
o 
o 
. H 
ro C 
•H 
a (J) 
CO 
+1 
c 
ro 
43 
M 
> 
IJJ 
J 
m 
< 
H 
> 
D 
Q 
O 
+> 
0) 
u 
(/) 
O 
a 
X 
cn 
c 
o 
rH 
.-H 
o 
c 
•H 
tn 
f-) 
X3 
x: (n 
•H 
Q) 
x: 
M-i 
O 
to 
c 
o 
•H 
(p 
»-l 
+> 
c 
<D 
• H c 
•H 
•o 
• H 
a 
•H 
O 
x: a 
in 
o 
x: 0. 
o 
ts> 
rH 
0) 
> Q) 
• 
03 
T ) 
r-
M 
o 
S-i 
> • 
-H 
• H 
TO 
e 
a 
a 
o 
(1) 
- H 
<T3 
> 
a, 
0 
c 
ft) 
x: 
o 
If) 
E 
C 
0) 
e 
•H 
a 
X 
c 
o 
•H 
D i 
0) 
f-l 
C 
•H 
fO 
H 
O 
o • 
o 
^ 
- 4 
8 
• 
o 
^ 
H 
o 
o 
• 
o 
\ l 
- 1 
8 
* 
o 
\ J 
H 
8 
• 
o 
- v j 
H 
CM 
• 
H 
1 
H 
CM 
• O 
1 
^ 
vO 
• H 
ro 
1 
ON 
-H 
• C> 
1 
^ 
i n 
* 
'^ 
CM 
« 
O^ 
H 
• 
o 
+1 
• 
t ^ 
CM 
« 
CO 
o 
• 
o 
+ 1 
S 
• 
'^ 
CM 
« 
CO 
CO 
• 
o 
+1 
• © M 
' * 
r^  
-H 
• 
o 
+1 
CM 
« CM 
ro 
* 
t n 
-H 
• 
o 
+1 
i n 
i n 
• 
r-
•<t 
-H 
o 
u 
c 
o (J 
^ 
• 
o 
+1 
s 
• 
o 
CO 
r-i n 
• 
o 
+ 1 
H 
OJ 
• § 
CX) 
o 
• 
•H 
+ 1 
o 
o 
• 
H 
H 
• H 
+ 1 
O 
CO 
• CO 
TT 
C l^ 
• CM 
+ 1 
CM 
O 
• CO 
c 
•H 
ro 
U 
Si 
Q) 
U 
o 
U-. 
0) 
J3 
0 
-H 
o 
•H 
-P 
D-
O 
g 3 
-H 
rH 
0 
X> 
o 
M 
0) 
u 
-p 
ro 
o^  
c 
o 
-H 
X} 
O 
ro 
rH 
rH 
3 
x> 0) 
2 
•o 
M 
O 
O 
rH 
ro 
c 
•H 
a 
to 
UJ 
to 
+ 1 
c 
ro 
0) 
4^ 
80-
60-
x: 
« 
at N 
Ol 
E 
a 
K 40-
_) 
o 
X 
a. 
to 
o 20-
n CONTROL 0 DDVP (3ppm) 
EH OOVP (6ppm) 
W DDVP (9ppin) 
X 
r 
^ 
f 
Fig.13 
Fore Brain Optic lobe Cerebellum Medulla Spinal 
obloggata cord 
EFFECT OF DDVP ( 30/60/9-Oppm/daily for7days)ON 
THE LEVEL OF PHOSPHOLIPID IN DIFFERENT REGIONS 
OF FISH BRAIN AND SPINAL CORD. P Values:x<005, 
x x < 0 0 1 / XXX <0001/MEAN t S.E. 
i'S 
M 
M 
> 
ua 
-J 
CQ 
< 
H 
eu 
^ 
Q 
o 
+J 
0) 
PI 
;D (/) 
O 
a X 
0) 
o^  
c 
o 
--( 
o 
c 
rO 
X. 
14-1 
0 
x: 
+> 
H-i 
0 
in 
C 
0 
•H 
cr> 
0) 
M 
+J 
C 
0) 
u 
4-1 
w-< 
• H 
c 
•H 
0 
u 
0) 
+J 
0) 
r-t 
x. 
0 
S-" 
0 
to 
i H 
0) 
> 
0) 
J 
• 
T3 
0 
•H 
ro 
TD 
,,^ 
c 
D. 
a 
n 
(D 
> 
a. 
-
a 
c 
fO 
x: 0 
^ 
• 
- p 
5 
x: U) 
Q) 
i-t 
en 
E 
tn 
C 
0 
•H 
Oi 
0) 
PI 
C 
•H 
m M 
CQ 
n3 
- p 
C 
0) 
e 
•H (  
QJ 
a X 
UJ 
r H 
0 
p< 
• p 
c 0 
0 
H 
0 
0 
• 0 
\ i 
t^ 
o\ 
a 
-t 
n 
+ 
« 
s 
•» 
0 
+1 
h-CD 
• 
ro 
• H 
CO 
• 
0 
+1 
0 
lO 
• 0 
c 
•H 
(D 
U 
X) 
0) 
J-l 
0 
( i . 
iD 
0 
• 
P 
^ 
CO 
-^ 
• CO 
H 
+ 
* 
CM 
0 
0 
4-1 
so 0 
• 
•H 
H 
' 
• 
0 
+ 1 
i n 
r-
• 0 
(V 
X! 
0 
-H 
0 
•H 
-(-> 
a 0 
-H 
0 
0 
• 0 
^ 
r-0 
« 
ro 
CNJ 
0 
• 
0 
+ 1 
0 
0 
• 
'^ 
-i 
CO 
CO 
• 
0 
+1 
^ 
« 
-H 
e D 
r H 
r H 
0) 
X! 
d) 
U Q) 
0 
iD 
0 
• 0 
\ l 
0 
00 
• 
'J 
• H 
+ 
* 
CO 
- H 
• 
0 
+ 1 
R 
• 
CO 
-H 
ro 
« 
0 
+ 1 
•>* 
C7\ 
• If) 
-H 
-P 
c 
0 
r H 
X) 
0 
03 
r H 
r H 
D 
"O 
(U 
IS 
H 
8 
« 0 
\ i 
0^ 
vO 
• CO 
ro 
* 
* 
ro 
• 
0 
+ 1 
- ) 
0 0 
• 
vO 
CM 
Cvl 
« 
0 
+ 1 
h-
0 
• CO 
TD 
U 
0 
0 
>H 
fD 
C 
•H 
a CO 
• 
UJ 
• 
CO 
+ 
C 
fO 
Q) 
s 
46 
M 
M 
M 
> 
LU 
J 
CD 
< 
H 
> 
a 
D 
o 
-p 
0) 
M 
en 
O 
a 
X 
cn 
c 
•H 
o 
rH 
O 
c 
•H 
03 
U 
X I 
x; 
to 
•H 
4-1 
OJ 
x: 
-p 
O 
in 
c 
o 
•H 
cn 
<D (-) 
•P 
C 
0) 
M 
a; 
M~i 
•H 
c 
•H 
o 
^1 
+J 
10 
o X 
o 
o 
(/> 
.-H 
0) 
> Ql 
• 
w 
(0 
• c 
r-
K 
o H-> 
>^  
•-< 
•H 
ft) 
-D 
e 
a 
a 
vO 
0) 
.—I 
> 
a 
cn 
c 
x: 
o 
U5 
c 
o 
cn 
0) 
u 
c 
• H 
TO 
M 
m 
•H 
O 
o 
« 
o 
^ 
U-) 
O 
• 
o 
• ^ 
Q O 
* 
o 
<1 
H 
O 
• 
o 
^ 
H 
o 
o 
• 
o 
^ 
r^  
o 
« H 
^ 
+ 
I f ) 
C\l 
• 
^ 
H 
+ 
r-
•H 
« If) 
CN 
+ 
to 
\o 
• VO 
H 
+ 
vO 
—1 
• ? 
+ 
• 
-P 
5 
x: 
to 
0) 
(^  
M-< 
cn 
cn 
E 
rH 
03 
•P 
£ 
e 
h 
0) 
a X 
LU 
•H 
O 
-P 
C 
o 
u 
« 
* 
* 0-) 
•H 
• 
o 
+1 
^ 
l > 
• 
'^ 
—1 
00 
%'-
• 
o 
+1 
(^ lO 
• O 
' jk 
IT) 
• < • 
• 
o 
• J - l 
r^ 
- 1 
• 
•H 
-H 
CM 
-H 
• O 
+ 1 
lO 
h-
• 
o\ 
• 
• 
^ * 
r^ 
n 
* 
o 
+ 1 
r>-
-H 
• 
'^ H 
00 
00 
• 
o 
+1 
CM 
n 
• 
'-i 
•H 
* 00 
H 
• 
o 
+1 
o VO 
• CO 
H 
r-
(O 
• 
o 
+1 
^ (^ 
• lO 
« 
* 
* in 
H 
• 
o 
+ 1 
o lO 
• 
vO 
CM 
CN 
t-
• 
o 
+1 
h-
t ^ 
• CO 
c 
•H 
(0 
U 
X3 
0) 
J^ 
O 
PU 
01 
X ) 
o 
rH 
o 
•H 
-P 
a 
o 
g 3 
rH 
rH 
0) 
X) 
0) 
^ QJ 
o 
0) 
-P 
03 
C7> 
C 
O 
X! 
O 
0) 
i-H 
-H 
D 
-o . 0) 
S 
x> 
(H 
o 
o 
rH 
05 
C 
•H 
a (f) 
+1 
c 
m 
4'/ 
a, 
> 
Q Q 
O 
0) (^  O 
0) 
O 
a 
X 
Q> 
CJi 
c 
5 
o 
•H 
^ O 
^ - l 
c 
•H 
(0 
^ 
X! 
JC 
0) 
•H 
H i 
H 0. 
J C 
+-' 
w 
— 1 1+-4 
CQ O 
< 
H 0) 
C 
0 
•H 
CTi 
Q 
u 
- p 
c 
f-l 
(i; 
<+-i 
H-i 
•H 
C 
•H 
-H 
O 
!H 
0) 
•P 
U) 
0) 
O 
x: 
o 
'^ 
o 
to 
1—1 
a; 
> 
Q) 
^ 
• 
W 
T i 
r-
M 
O 
H-" 
> N 
rH 
•H 
X i 
,—^  
E 
a 
a 
Q\ 
o 
r- l 
> 
•-
cu 
<D 
cn 
c 03 
x: 
o 
^ 
• 
t 
x: to 
0) 
^^  4-1 
CP 
• \ 
a> 
e 
05 
C 
o 
•H a 
0) 
h 
c 
•H 
ro 
M 
CQ 
r - ( 
ro 
+> c 
E 
•H 
0) 
a X 
UJ 
O 
-P 
C 
O 
U 
1 
-H 
8 
• 
o 
\ l 
vO 
vD 
• \ 0 
vO 
+ 
« 
to 
•H 
• 
o 
+1 
I f ) 
\o 
• 
r-H 
CO 
'si" 
• 
o + 1 
o in 
• 
o H 
C 
•H 
ro 
JH 
X> 
a> 
u 
o 
U-. 
- 4 
o 
o « o 
• ^ 
' T 
vO 
« CO 
I f ) 
+ 
* 
00 
in 
• 
o 
+ 1 
CO 
<J^ 
• 
sl-
- 1 
CM 
H 
• 
O 
+ 1 
I f ) 
r-
« o 
<D 
Xi 
o 
•H 
O 
•H 
-P 
a 
o 
H 
8 
• O 
\ l 
c) CvJ 
• in 
^ 
+ 
« 
• T 
•^ -
• 
o 
+ 1 
r^ 
\i 
• 
vO 
-H 
00 
CO 
• 
o +1 
CM 
n 
• 
—1 
-H 
E 
3 
'-i 
-H 
<D 
X3 
0) 
^^  0) 
U 
•H 
8 
« O 
•vj 
^3" 
H 
• CO 
n 
=!• 
« 
C) 
'y-
• O 
+ 1 
CM 
O 
« CM 
CN 
h-
ro 
* 
O 
+ 1 
^ 
o 
• in 
H 
CO 
+J 
ro 
c 
o 
r-l 
XI 
o 
ro 
•H 
r-\ 
D 
-D 
0) 
s 
- ) 
o 
o 
• 
o 
\ J 
lO 
in 
• H 
in 
+ 
' « 
—1 
- 1 
• 
o 
+ 1 
I f ) 
r-
• CO 
CM 
CM 
t^ 
• 
O 
+ 1 
f ^ 
Ov 
• 00 
-H 
"S 
o 
o 
r-\ 
ro 
c 
•H 
a 
10 
• 
• CO 
* 
c 
ro 0) 
S 
'18 
30 
™ 20 
E 
o 
oc 
tu 
I— (/) 
-> 10-
o 
X 
D CONTROL 
Oni ODVP I6ppm) 
ODVP ( 3 p p m ) 
ODVP |9ppm) 
XXX 
xxx 
XXX X 
1 
ri-Uffl 
XXX 
XXX 
XXX 
I 
Fore Brain Optic l o b e C e r e b e l l u m M e d u l l a S p i n a l 
oblongata cord 
Fig.14 EFFECT OF DDVP ( 3 0 , 6 0 . 9 - 0 ppm,daily for 7 days) 
ON THE LEVEL OF CHOLESTEROL IN DIFFERENT 
REGIONS OF FISH BRAIN AND SPINAL CORD. 
P Values: >«0-05, '<x<ooi,>«x'«OOt)1, Mean ± S.E. 
49 
X 
m 
< 
u 
o (/) 
o 
Q. 
X 
0) 
cr> 
c 
•H 
o 
o 
c 
• H 
fO 
U 
X) 
x : 
en 
• H 
<+< 
CD 
x: 
-p 
o 
w 
C 
o 
•H 
ai 
M 
c 
C) 
a) 
•+-1 
M-i 
•H 
T5 
c 
•H 
to 
X> 
•H 
O 
CD 
• U) 
>. 
03 
T) 
4-> 
• * - > o 
T3 --I 
(1) -H 
•H fO 
H-i T ) 
•H 
U 
W 
0) 
M-i 
O 
U) 
0) 
> 
0) 
e 
a 
a 
CO 
8 
o 
-(J 
> 
c 
TO 
O 
4-1 
cr 
<D 
e 
0) 
C 
o 
•H 
CP 
0) 
M 
C 
•H 
(0 
-P 
c 
0) 
E 
•H 
t-l 
W 
a 
X 
UJ 
o 
u 
•p 
c 
o 
o 
H 
O 
o 
* 
o 
^ 
'-i 
o 
o 
• 
o 
\ l 
-H 
o 
o 
• 
o 
\ J 
H 
o 
o 
• 
o 
^ 
H 
o 
o 
• 
o 
\ l 
-H 
-'i 
• 00 
n 
h-
^-
» 
o 
n 
CO 
^ 
• 
ro 
n 
vO 
U") 
• 
ro 
CM 
-H 
U3 
• iD 
ro 
* 
* 
* 
o 
• 
O 
IT) 
o 
o 
o 
o 
+1 
CO 
CM 
ro 
* 
CO 
OJ 
o 
o 
+1 +1 
o 
o 
o 
+1 
00 
ro 
CO 
o 
* 
* 
CM 
o 
o 
+1 
in 
If) 
o 
« 
o 
* 
* 
o 
+1 
CM 
vO 
o 
o 
+1 
CM 
00 
ro 
* 
* 
O 
CM O 
• 
o 
+1 
iT) 
vO 
o 
+1 
VO 
O 
c 
•H 
m 
u 
JO 
<u 
u 
o 
UH 
o 
x> 
o 
. H 
o 
•H 
-P 
a O 
E 
a 
>-H 
• H 
<U 
J2 
<U 
JH 
<u U 
•p 
en 
c 
o 
x> 0 
fD 
r-i 
• H 
D 
-D 
0) 
S 
T> 
(H 
O 
O 
.H 
fO 
c 
•H 
a U) 
to 
+ 1 
C 
CO 
5 
M 
X 
m 
< 
U 
D 
in 
O 
a 
X 
0) 
c 
•H 
5 
o 
o 
c 
•H 
ro 
M 
X I 
j : : 
w 
•H 
0) 
x: 
o 
w 
c 
o 
•H 
0) 
4-> 
c 
0) 
H-i 
H-" 
•H 
-D 
C 
•H 
in 
TS 
•H 
in 
O -D 
03 
-P ^1 
O 
T5 
0) 
•H 
•H 
fO 
• H 
in a 
in > 
<u 8 
> 
0) O 
0) 
. - I 
> 
O, 
0) 
C I 
c 
x: 
o 
x: 
tn 
(D 
M 
cr 
0) 
E 
tn 
c 
o 
•H 
a' 
Q; 
fH 
C 
• H 
13 
M 
CD 
+> 
C 
Q) 
e 
• H 
U 
<V 
a. 
X 
o 
C 
o 
o 
8 
o 
* 
n 
CM 
o 
—I 
o 
* 
o 
+1 
CO 
CM 
0") 
H 
o 
o 
» 
o 
\ J 
-H 
o 
o 
• 
o 
\ J 
•H 
o 
o 
• 
o 
^ 
-H 
o 
o 
• 
o 
\ l 
iT) 
* 
-H 
';^  
+ 
s 
• 
^ 
en 
+ 
s 
• 
^ 
o 
+ 
vO 
• 
vO 
CNJ 
=f 
o 
p ) 
• CM 
1 
csi 
o 
• 
o " • • 1 
o 
• 
o +1 
ro 
m 
o 
•H 
o 
o 
+1 
00 
ro 
ro 
o 
O 
o 
+1 
o 
H 
o 
+1 
o 
H 
O 
o 
+1 
If) 
00 
'qr 
H 
O 
• 
o 
+1 
CM 
00 
ro 
CO 
ro 
O 
O 
+ 1 
CM 
a\ 
lO 
« 
o 
If) 
o 
+1 
o 
c 
•H 
fO 
M 
X) 
OJ 
M 
o 
(J-
<1> 
X) 
o 
rH 
o 
•H 
-P 
a 
o 
E 3 
r-H 
rH 
a> 
X) 
<u 
M 
<u 
O 
to 
+> 
m 
en 
c 
o 
X I 
0 
in 
rH 
-H 
ZJ 
X) 
0) 
S 
•o 
M 
O 
o 
rH 
ro 
C 
•rH 
a 
to 
LO 
+ 1 
c 
ro 
51 
M 
M 
W 
K-J 
CQ 
< 
0) 
u 3 
O 
a 
X 
en 
c 
•H 5 
O 
—r 
o 
'tH 
PI 
• H 
<+-> 
cu 
x: 
• p 
o 
to 
c 
o 
cn 
0) 
+> 
c 
OJ 
u 
CD 
H-i 
4-< •H 
T i 
C 
73 
•H 
O 
n3 
+J 
+J 
ro 
T5 
Q> 
•H 
•H 
0) 
-P 
in 
0) 
4-1 
O 
> 
• 
ro 
T5 
h-
O 
4-< 
>• 
•H 
ro 
1 
a 
1 
D 
O 
4 - ' 
CD 
— I 
ro 
> 
0) 
C 
ro 
x : 
o 
^ 
• 
•p 
x: 
to 
4-4 
D" 
0 
E 
r H 
ro 
c 
E 
•H 
PI 
a 
UJ 
O 
u 
§ 
u 
tfl 
C 
O 
•H 
u 
c 
•H 
ro 
a 
-4 
a 
H 
O 
o 
• 
^ 
^ 
vO 
• 
+ 
iti 
h-(N O 
• 
O + 1 
-i 
00 
"Si-
• 
o 
o 
-i 
o 
• 
o 
+1 
00 
OJ 
CO 
« 
o 
c 
•H 
ro 
u 
O 
H o 
o 
• 
o 
CM 
00 
• 
+ 
« 
N 
H 
O 
• 
O + 1 
vO 
• 
o 
vO 
H 
o 
• 
o +1 
CO 
00 
00 
• 
o 
0 
O 
O 
•H 
-P a 
o 
H 
o o 
• o 
h-
O 
• 
n 
+ 
« 
o CM 
O 
• 
o +1 
f^ 
• 
o 
H 
• H 
H 
« 
o +1 
H 
• ^ 
0") 
o 
o 
e o 
iH 
X5 
0) 
u 
H 
8 
• o 
lO 
H 
• 
H 
n 
+ 
« 
H 
H 
O 
• 
o •i-l 
H 
• 
o 
VO 
H 
O 
0 
o 
+1 
Cvj 
CO 
C) 
« O 
ro 
+J 
ro 
ai 
c 
o 
H X! 
o 
ro H 
H 
T3 
H 
8 
• o 
H 
H 
• 
+ 
« 
<> 
n O 
• 
o +1 
OJ 
If) 
• 
o 
lO 
CN 
O 
O 
+ 1 
\ 0 
H 
'y 
• 
o 
-o 
U 
o 
o 
"H 
ro 
C 
•H 
cu 
CO 
4 
(/) 
+ 
c 
ro 
0) 
t^ 9 
0-k-\ i/i 
01 
^ O H 
E 
g 0/H 
< 
< 
O 
UJ 
u. 
0-3H 
0-2J 
to 
D CONTROL 
inU D0VP(6ppm) 
ODVPOpptn) 
DDV (9ppm) 
m. 
X i y 
^ 
. xxx 
m Fore Brain OpMc lobe Cerebellum Medulla Spinal 
oblongata cord 
Fig.15 EFFECT OF DDVP ( 3 0 / 6 0 , 9 0 p p m , daily f o r ? days) ON THE 
LEVEL OF ESTERIFfED FATTY ACIDS IN DIFFERENT REGIONS 
OF FISH BRAIN AND SPINAL CORD.P Values.xxx<0-001 
MEAN+S.E. 
53 
f a t t y ac ids showed s i g n i f i c a n t dose-dependent increment 
(P <(_ O.OOi) in a l l t h e regions of f i sh b ra in and s p i n a l 
cord when compared with t h e values noted for t h e c o n t r o l . 
3 . 3 . EFFECT OF DDVP ON THE RATE OF LIPID PEROXIDATION: 
The r a t e of l i p i d pe rox ida t i on , expressed as 
nanomoles of malonaldehyde formed per 30 minutes , in 
d i f f e r e n t regions o f t h e f i sh CNS a f t e r exposure t o t h r e e 
d i f f e r e n t doses of DDVP has been presented in Tables XIII-XV, 
The r a t e of l i p i d pe rox ida t ion showed dose-dependent 
i n c r e a s e in a l l t h e regions of t h e CNS ( F i g . 1 6 ) , 
Exposure of f i sh t o 3.0 ppm DDVP (Table X I I I ) s i g n i f i -
can t ly increased t h e r a t e of l i p i d pe rox ida t ion in t h e 
fo re b ra in (+16 .25^) , op t i c lobe (-«-i4.29%), cerebel lum 
(+18.56%), medulla oblongata (+16.94%) and s p i n a l cord 
(+19.81%). However, when t h e dose was inc reased t o 6.0 ppm, 
t h e r a t e of l i p i d pe rox ida t ion a l so i nc r ea sed , beiog of , 
t h e o rde r of 18,42% in the fore b r a i n ; 25.28% in t h e 
cerebel lum; 16.80% in o p t i c l obe ; 22.63% in medulla 
oblongata and 27.42% in sp ina l cord (Table XIV), F u r t h e r -
more, a t 9 ,0 ppm DDVP, t h e r a t e of l i p i d p e r o x i d a t i o n 
correspondingly i n c r e a s e (P <^  0,001) in a l l t h e r eg ions 
of b ra in and sp ina l cord, compared t o t h e va lues of t h e 
con t ro l (Table XV), 
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5H 
4. DISCUSSION 
In the present study, following exposure to three 
different concentrations of DDVP, the levels of total 
lipids, phospholipids, cholesterol, esterified fatty acids 
and the rate of lipid peroxidation were determined in 
different regions of the brain and spinal cord of the 
cat fish H, fossilis. Recent citation by Medlar (1985) 
reveals that, todate, no report is available on the 
quantitative estimation of various lipid fractions and the 
rate of lipid peroxidation in different regions of the 
fish (H, fossilis) brain and spinal cord following exposure 
to DDVP. 
Lipids are essential components of all the cellular 
structures in the brain. Myelin sheath and neuropil of 
gray matter account for much of the total lipid in brain 
tissue (Robins, 1956), making up to 65% of the dry weight 
of the white matter and 35-405^  of gray matter (Brante, 1949). 
Myelin metabolism may be affected by a vareity of 
toxic agents. Compounds that cause disturbance of myelin 
metabolism may exert their effect directly on myelin forming 
cells, or demyelination may be a secondary response to a 
neuronal metabolism. 
r)[i 
The lipids in the nervous system form an important 
part of neurochemical investigations. It is well known that 
distinct regional differences occur in lipid content and 
turnover in cell types and various pathways and centres of 
the brain (Ordy and Kaack, 1975), These processes are 
regulated by the appropriate enzymic activities. 
In the present investigations, total lipids showed 
dose-dependent elevation in all the components of brain and 
spinal cord of H. fossilis. Earlier, Tayyaba and Hasan 
(1980) have also observed increased concentration of total 
lipids after organophosphate administration to rats, 
Hazzard et ajL. (1969) and Ham and Rose (1969) have suggested 
that a reduced lipoprotein lipase activity may be a factor 
contributing to increased plasma lipids. Since enzymes 
are very specific regarding interaction with substrates, 
it appears that phospholipase remains unaffected by the 
organophosphate intoxication and, therefore, nro increase in 
phospholipid concentration was evident. On the other hand, 
Nelson and Barnum (i960) observed an inhibition of phospho-
lipid biosynthesis by organophosphate. Possibly, the 
decrement in the phospholipid content observed during the 
present study is the result of a similar mechanism. 
Earlier, Austin (1957) favoured a similar role for diisopropyl 
61i 
flurophosphonate (DFP), a potent organophosphorus compound, 
Tayyaba and Hasan (1980) have reported tha t organophosphate 
administration to ra t s s igni f icant ly decreases the concen-
t r a t i on of phospholipids in a l l the regions of the bra in . 
Dose-related inhib i t ion of phospholipids in various 
regions of the fish brain and spinal cord is in concordance 
with the dose-dependent increase of the r a t e of l i p i d 
peroxidation in the same region. Previous reports from 
t h i s laboratory embody s imilar findings a f te r organophos-
phate intoxicat ion (islam ei a l . , 1983). 
The fa t ty acids and cholesterol l eve ls showed 
dose-related increment in a l l the regions of the fish 
brain and spinal cord. The observed elevation of fa t ty 
acids and cholesterol concentration i s supported by the 
recent findings of Prasada and Ramana (1984) who noted 
increased levels of fa t ty acids and cholesterol following 
exposure of fish to organophosphates. Increased levels 
of l i p ids in the present study can be explained on the 
basis of e i the r i t s increased synthesis or decreased 
degradation. 
Lipid peroxidation involves a d i rec t react ion of 
dxygen and l ip id to form.free radical intermediates and to 
produce semi-stable peroxides. The brain homogenate has 
81 
apparently the necessary unsaturated fatty acids and cata-
lysis for peroxidation in the architecture of the cell 
itself, being available for reaction with molecular oxygen 
to undergo lipid peroxidation, Biomembranes and subcellular 
organelles are the major sites of lipid peroxidation damage 
(Tappel, 1970), The peroxidative changes triggered by 
free radicals in brain fatty acids and phospholipids may 
be of importance in the development of brain cell damage. 
Free radicals i.e. highly reactive molecules with an unpaired 
electron in an outer orbital, are constantly being formed 
in various reactions essential for aerobic life. The best 
studied effect of free radical attack is that causing 
lipid peroxidation i.e., oxidation of o^ -methylene bridges 
of unsaturated fatty acids, resulting in the formation of 
lipid peroxides and hydroperoxides, leading finally to 
fragmentation of lipids. Mitochondrial swelling and 
decrease in oxidative phosphorylation (Utsumi et al,., 1966), 
and change in endoplasmic reticulum (Bidlack and Tappel, 
1974) have all been described as biochemical distortions 
following lipid peroxidation. Previous studies suggest 
that radiation hazards (Inouye _et al_,, 1979) or influence 
of various environmental pollutants 'iVludd and Freeman, 1977) 
are closely related to lipid peroxidation. It was reported 
that tissues most susceptible to lipid peroxidation appear 
il?. 
to be those with low mitotic rate such as brain (Barber and 
Wilbur, 1959). Kartha and Krishnamurthy (1978) showed that 
among the various organs, the brain showed a considerably 
high degree of peroxidation. This might be because the 
brain has the largest amount of lipid of all body organs. 
Recently, T^yyaba and Hasan (1985) showed that administra-
tion of organophosphate metasystox causes dose-dependent 
increment of lipid peroxidation in all the regions of CNS. 
Hasan and All (1980) observed that the increased rate of 
lipid peroxidation is associated with increased deposition 
of lipofusin pigment in brain cells after organophosphate 
administration. 
The amount of malondialdehyde (MDA) produced, as 
measured by thiobarbituric acid (TBA) assay, has been shown 
to be true indicator of endogenous lipid peroxidation 
(Tappel and Zalkin, I960), MDA formed per 30 min due to 
DDVP exposure was found to increase significantly in 
different regions of fish brain and spinal cord. Thus, it 
would not be unreasonable to conclude that the exposure of 
fish to DDVP causes increased rate of lipid peroxidation. 
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